Objective: This study examined the relation between quality of dietary carbohydrate intake, as measured by glycemic index (GI) and glycemic load (GL), and serum high-sensitivity C-reactive protein (hs-CRP) levels. Methods: During a 1-y observational study, data were collected at baseline and at each quarter thereafter. GI and GL were calculated from multiple 24-h dietary recalls (24HRs), 3 randomly selected 24HRs at every quarter, with up to 15 24HRs per participant. The hs-CRP was measured in blood samples collected at baseline and each of the four quarterly measurement points. Multivariable linear mixed models were used to examine the cross-sectional and longitudinal associations of GI, GL, and hs-CRP. Results: Among 582 adult men and women with at least two measurements of diet and hs-CRP, average daily GI score (white bread ϭ 100) was 85 and average GL was 198, and average hs-CRP was 1.84 mg/L. Overall, there was no association between GI or GL and hs-CRP. Subgroup analyses revealed an inverse association between GL and hs-CRP among obese individuals (body mass index Ն30 kg/m 2 ). Conclusion: Quality of dietary carbohydrates does not appear to be associated with serum hs-CRP levels. Among obese individuals, higher dietary GL appears to be related to lower hs-CRP levels. Due to the limited number of studies on this topic and their conflicting results, further investigation is warranted.
Introduction
Cardiovascular disease and diabetes are two leading causes of morbidity and mortality in the United States and worldwide. According to the Centers of Disease Control and Prevention in 2005, it was estimated that 25.6 million noninstitutionalized Americans have some form of heart disease and more than 20 million have diabetes [1, 2] . Among those with diabetes, 65% will die from heart disease or stroke [3] .
High-sensitivity C-reactive protein (hs-CRP), a marker of inflammation, has been recognized as a risk factor for future cardiac events [4 -12] . Although very high hs-CRP levels are likely the response to acute inflammation, slightly elevated levels are indicative of chronic inflammation present in such diseases as cardiovascular disease and diabetes. High-sensitivity CRP values are useful in determining disease progression or the effectiveness of treatments, and because many of these diseases are modifiable by lifestyle, tracking hs-CRP can be quite informative. It is imThis work was supported by grants R01-HL52745 and 1 R21 HL074895-01 from the National Heart, Lung and Blood Institute. Its contents are solely the responsibility of the authors and do not necessarily represent the official views of the National Heart, Lung and Blood Institute.portant to identify which lifestyle factors have the greatest impact because lifestyle factors may provide an important intervention opportunity to beneficially influence hs-CRP levels to reduce the risk of cardiovascular disease and diabetes.
Diet is one of the many modifiable risk factors for cardiovascular disease and diabetes. There is increasing evidence that quantity and quality of carbohydrate can modify disease risk [13, 14] . One method to evaluate the quality of carbohydrate is the glycemic index (GI), a measurement of the blood glucose response to 50 g of carbohydrate from a particular food [15] . Glycemic load (GL) is the GI of a food multiplied by its carbohydrate content in grams (quality by quantity). The present study examined the relationship among GI, GL, and hs-CRP, a marker of inflammation, in a population of healthy adults.
Materials and methods
Data for this study was obtained from a 1-y prospective observational study designed to examine seasonal variations in blood lipid levels in a disease-free population in central Massachusetts [16] . The study began in 1996 with 641 eligible participants enrolled at baseline. Eligibility requirements included an age from 20 to 70 y, literacy in English, and not planning to leave the area within the next year [16] . Exclusion criteria included 1) using or planning to use lipid-lowering drugs, 2) following or planning to follow a weight control diet, 3) a history of cancer diagnosis (excluding non-melanoma) within the past 5 y, 4) a secondary cause of hyperlipidemia, or 5) a condition of psychiatric illness that would limit participation [16] . Data collection took place at baseline and quarterly (every 13 wk) thereafter for a total of five visits. Each visit included measurements of anthropometrics, blood, diet, physical activity, and psychosocial variables.
hs-CRP assessment
Participants were evaluated quarterly for a total of five visits over the 1-y follow-up. At each of their five clinic visits, participants provided blood samples. hs-CRP levels were measured at Children's Hospital in Boston at Dr. Nader Rifai's laboratory using latex-enhanced immunonephelometric assays on a BN II analyzer (Dade Behring, Wilmington, DE, USA).
Dietary assessment
Trained registered dietitians assessed diet by telephonebased 24-h recalls (24HRs) using the Minnesota Nutrition Data System (NDS DOS, versions 2.6, 2.7, and 2.8) developed by the Nutrition Coordinating Center at the University of Minnesota. Three telephone interviews occurred at baseline and at four additional data collection periods, within a window of 2 wk before 3 wk after the participants' quarterly clinic visits. Therefore, up to 15 d of dietary information was available per participant including weekdays and weekends, allowing for a comprehensive measurement of usual carbohydrate intake [17] .
Methods of GI resolution
The quality of carbohydrate can be determined by the GI, which ranks foods according to their effect on blood glucose [15] . Although not all carbohydrate-containing foods have been tested for their GI, the GIs of more than 1500 foods has been determined and are available in the International Table  of Glycemic Index and Glycemic Load Values, with additional foods continually added to an online database [15, 18, 19] . We assigned GI and GL values to foods reported on the 24HR using methods described previously [20] . Briefly, carbohydrate-containing foods derived from 24HRs were matched to the International Table of Glycemic Index and Glycemic Load Values. Mixed foods were disaggregated into individual ingredients. For specific foods not found in the table, we based estimates on similar foods according to physical and chemical factors that determine GI.
The GL was calculated to take into account the amount of carbohydrate that was consumed. GL equals the GI of a food times the amount of carbohydrate eaten divided by 100. For example, let us consider ½ cup (37 g) of potatoes. The GI of potatoes is 102 (white bread as reference ϭ 100). Using the formula, the GL for this portion is 102 ϫ 37g/ 100 ϭ 38.
Covariate assessment
A number of factors have consistently been associated with hs-CRP [21, 22] . We collected data on body mass index (BMI), smoking, infection status, physical activity, total energy, total cholesterol, age, and gender and included these variables in analyses.
Statistical analysis
Means and standard deviations were used to describe characteristics of participants and their hs-CRP, GI, and GL values. Scatterplot and smoothing curves (i.e., Loess curves) were used to explore graphically the relation of hs-CRP with GL and with GI.
To make use of the rich dataset we used a mixed model that examines the cross-sectional (between-subjects) association of CRP with GL and the longitudinal association (within-subject). We used all data in the analyses. The dependent variable for this analysis was CRP. The independent variable was GI or GL, with subject treated as a random effect. Specifically, the cross-sectional effects for a variable (GI or GL) were assessed by including a variable representing the subject mean; the longitudinal effects were assessed by including a variable representing the deviation from the subject mean from each quarter. Thus, the crosssectional analysis examined the association between the average CRP and average GI or GL in subjects at each quarter. The longitudinal analysis compared individual changes in CRP and GI or GL between quarters. The crosssectional and longitudinal effects were included in the same model. This method was used in our previous analyses of the association between dietary fiber and CRP [23] . If a covariate changed the exposure coefficient by Ն15% and was statistically significant at P ϭ 0.15, it was included in the final model. When calorie or fat intake was included in the model, it was not significant; the regression coefficient of hs-CRP with GI or GL was not changed, so neither calories nor fat intake was included in the final model. When we included season of year as a covariate, results were not changed, so it was not included in the final model. We assessed for effect modification by BMI category and gender.
Results
A total of 641 participants with 2795 observations were available for analysis. Because our goal was to examine the longitudinal effect of dietary GI or GL on hs-CRP, participants with data available for fewer than two time points were excluded (n ϭ 49 observations). An additional 617 observations were excluded because dietary measurements and hs-CRP were not available at the same quarter. We excluded 65 observations where hs-CRP was Ͼ10 mg/L because such elevated levels are likely to be caused by an acute infection or underlying medical problem not related to diet [24] . We also excluded one observation with an extreme outlier, GL ϭ 1085. Therefore a total of 582 participants and 2063 observations remained for analysis. The hs-CRP values were highly skewed; therefore, the data were analyzed using log-transformed values for hs-CRP. Table 1 presents participant characteristics. Participants were predominantly white (86%), with an average age of 48 y and approximately equal distributions of men and women. Average BMI was 27.4 kg/m 2 , and 64% of participants were overweight or obese. Average and median hs-CRP values were 1.8 and 1.2 mg/L, respectively (Table 2) . For this study GI is reported using white bread as the Table 2 ). The average GL value was 198, considered to be in the high range for GL, with a minimum of 45 and a maximum value of 488 ( Table 2 ). All-purpose flour, white sugar, white bread, white rice, and cola beverage were the top contributors to GL; these five foods alone accounted for a cumulative GL of 52. The graphs shown in Figures 1 and  2 suggest a slightly inverse relation between average GI or GL and hs-CRP levels. We used a multivariable linear mixed model to examine the cross-sectional and longitudinal relations between log hs-CRP and GI or GL (Table 3) . We found no association between GI and log hs-CRP in the cross-sectional analysis (regression coefficient [␤] ϭ 0.009, P ϭ 0.24) or longitudinal analysis (␤ ϭ Ϫ0.002, P ϭ 0.39). However, we did observe the suggestion of an inverse association between GL and log hs-CRP in the cross-sectional analyses, but no association in the longitudinal analyses. Specifically, the coefficient for the cross-sectional effect of GL (␤ ϭ Ϫ0.00194) was suggestive of an inverse relation with log hs-CRP (P ϭ 0.002).
After statistically adjusting for BMI, smoking status, age, and infection status, the cross-sectional findings for GL and hs-CRP were attenuated and no longer statistically significant (P ϭ 0.07). The longitudinal association was attenuated to Ϫ0.00012 (P ϭ 0.72; Table 4 ). None of the variables produced notable changes in the strength or direction of the estimate.
We then stratified the analysis by BMI category and gender. Stratification by gender did not yield results of statistical significance (for cross-sectional results for GL: men ␤ ϭ Ϫ0.0055, P ϭ 0.43, women ␤ ϭ Ϫ0.00141, P ϭ 0.18). When stratified by BMI, we found that mean GL was a significant predictor of hs-CRP in the cross-sectional analysis only in obese individuals (␤ ϭ Ϫ0.00185, P ϭ 0.04; Table 5 ).
To further explore how BMI modified the relationship between dietary GL and hs-CRP, we fitted a linear model to clarify the interaction, without including any of the covariates. We then converted the results to the natural scale and plotted the predicted hs-CRP versus average GL (Fig. 3 ). An inverse relation was seen across all strata, with individuals in the highest BMI category having the greatest reduction of hs-CRP. However, as GL increased, there was no statistical difference between the slope for obese and the slope of the other BMI categories (P Ͼ 0.05).
Discussion
In this 1-y observational study, we did not observe a positive association among dietary GI, GL, and hs-CRP. Although the literature reporting the relationship between GI or GL and hs-CRP is limited, the results from this study are not in agreement with a previous study that reported a significant positive association between dietary GL and hs-CRP [25] .
One explanation for the difference in findings may be due to differences in the study populations. Among 244 middle-aged female participants in the Women's Health Study, Liu et al. reported that dietary GL was positively associated with hs-CRP [25] . In that study, the average GI and GL values were 75 and 166, respectively, considered to be low GI and intermediate GL values compared with an intermediate GI of 85 and a high GL of 197 found in this study in men and women. This suggests that, as a whole, the dietary carbohydrate quality of participants in the present study was poorer and may have limited our ability to detect an association between GI or GL and hs-CRP. In addition, average hs-CRP values were considerably lower in the present study than in the study by Liu et al. [25] . Differences in age, BMI, and smoking status may contribute to the differences observed between the two studies. However, the two studies Table 3 Regression coefficients predicting log high-sensitivity C-reactive protein from linear mixed models Table 4 Regression coefficients predicting log high-sensitivity C-reactive protein from multivariable linear mixed models controlled for age, BMI, and smoking in the analysis, although residual confounding by these factors is still possible. In a recent publication examining the association of GI, GL, and cereal fiber intake with risk of type 2 diabetes in a cohort of United States black women, risk of diabetes was not statistically significantly associated with GL [26] . The investigators explained that it can be difficult to study GL because of its high correlation with total carbohydrate intake, because cereal fiber intake increased with quintiles of GL, whereas whole grains (a major source of cereal fiber) contributed to GL. Previously, dietary fiber has been associated with lower CRP in this population [23] .
There are a few limitations and strengths to this study. First, the cross-sectional study design does not allow for assessment of a temporal relation because carbohydrate quality and hs-CRP were measured at the same time points. However, by using multiple prospective measurements in the longitudinal analysis, we were able to determine how hs-CRP changes as GI or GL changes, which provides a better understanding of the relation between dietary carbohydrate quality and hs-CRP.
Second, there may be potential confounders for which we were unable to control. It is possible that there are other unknown factors that influence hs-CRP and may be associated with GI and GL. The direction of the association would be unknown so the bias could be an over-or underestimation of the true.
A strength of this study is the detailed dietary assessment. We used a comprehensive dietary assessment, collecting dietary information from up to 15 24HRs. The recalls allowed us to collect detailed information on each food consumed. The GI of individual foods is very specific and can vary within food types, e.g., between types of breads having whole grain characteristics, differences in fiber, or with added influencing GI factors such as butter. Having such detailed information allowed for a more accurate calculation of GI. However, this study relied on published GI values and estimates derived from the 24HRs and, like all studies of GI, a methodology to estimate the GI of untested foods.
Conclusion
In this prospective observational study, we found no association between dietary GI or GL and hs-CRP. This is a surprising finding, given a previous study's positive findings and the observation by our group that fiber, in agreement with other studies, was inversely associated with hs-CRP in our study population [23] . This is interesting because fiber is a very strong factor in the determination of GI, and one would expect that GI would also be associated. Due to the limited number of studies on this topic and the conflicting results, further investigation is warranted.
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